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In a recent paper [1] published in Physical Review Letters, 
scientists at the Institute of Modern Physics, Chinese 
Academy of Sciences, have reported their first results from 
the Cooler Storage Ring at the Heavy Ion Research Facility, 
a newly-constructed major scientific facility in Lanzhou, 
China. As a part of an international collaboration including 
colleagues from Europe, USA and Japan, they were able to 
identify in experiments the very exotic nuclei 63Ge, 65As, 
67Se and 71Kr from about 700000 stored ions, and success-
fully measured their masses for the first time. Previously, 
data from test experiments had uncertainty errors that were 
too large [2] for any definite conclusions to be drawn [3]. In 
contrast to the majority of medium-mass and heavy nuclei 
in the universe, the nuclei reported in [1] are exotic, in the 
sense that the proton number Z is greater than the neutron 
number N in each nucleus; more specifically, N=Z−1. This 
is a very rare situation where the nuclear force can still hold 
individual nucleons to form an atomic nucleus despite the 
strong Coulomb repulsion. Nevertheless, such proton-rich 
nuclei are unstable and very short-lived. The half-life of 
65As, for example, is only 128 ms, meaning that in less than 
one second after they are created, half of the 65As isotopes 
disappear. 
Weighing masses for very short-lived nuclei is extremely 
difficult. Even for the most advanced laboratories in the 
world today, such measurements are out of reach. For many 
years, only theoretical masses for these nuclei were listed in 
the nuclear mass table [4]. No one knew their experimental 
values. But why do we need to care about the exact masses 
of these nuclei that only exist, on average, for less than a 
second?  
In practice, such short-lived nuclei are indeed not very 
useful. However, knowing their exact masses is crucial in 
understanding the processes involved in energy release and 
element production in the universe. The origin of heavy 
elements (heavier than iron) has been one of the major un-
solved puzzles in physics [5]. The point that Tu et al. [1] 
emphasize is that a small correction in masses of the exotic 
nuclei can make a great impact on the question of the origin 
of elements in the cosmos. So where in the universe can 
such an impact happen, and why are these nuclear masses 
so important? 
A century after Roentgen won the first Nobel Prize in 
1901 for his discovery of X-rays, the prize was awarded to 
Riccardo Giacconi in 2002 for another X-ray-related work. 
The cosmic X-rays that Giacconi and his colleagues discov-
ered were observed with space-based telescopes in the 
emissions of X-ray bursters. These are a class of X-ray bi-
nary stars exhibiting periodic and rapid increases in lumi-
nosity peaked in the X-ray region of the electromagnetic 
spectrum. The associated astrophysical systems are com-
posed of an accreting neutron star and a companion, with 
material (rich in hydrogen and helium) from the companion 
star being transferred onto the neutron star surface. It is 
compressed and heated to extremely high temperatures so 
that thermonuclear runaway processes take place. The ex-
plosive stellar nucleosynthesis begins with the hot CNO 
cycle, which quickly leads to what is called the rapid proton 
capture process (or rp-process) [6]. In that process, protons 
fuse with seed nuclei, synthesizing isotopes near the proton 
drip-line––the boundary for nuclear existence beyond which 
nuclei simply cannot bind a further proton. The so-produced 
short-lived nuclei in the path eventually decay and populate 
nuclei towards the region of stability.  
Simulations of nucleosynthesis in the rp-process require 
reliable nuclear physics input [6]. Nuclear mass, or more 
specifically the proton separation energy (the energy it takes 
to remove one proton from a nucleus), is the most important 
factor. If there are no measurements, theoretical mass values 
have to be used. Thus discussions over the rp-process nu-
cleosynthesis rely heavily on the quality of these mass pre-
dictions. However, as pointed out by Tu et al. [1], such pre-
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dictions are not always reliable. 
The key issue is precise mass values that link to the 
so-called waiting points [6]. A waiting point is a nucleus 
near the proton drip line where a captured proton is un-
bound or only weakly bound, and can easily be removed by 
photodisintegration. As a result, proton capture is effec-
tively suppressed and the rp-process has to proceed via the 
slow β+-decay. This delays nuclear burning and leads to the 
extended X-ray burst tail. Three major waiting points that 
dominate the energy generation rate during the burst tail 
have been discussed [6], namely 64Ge, 68Se and 72Kr. Their 
estimated long lifetimes provide the explanation for the ob-
served burst tails. Detailed X-ray burst model calculations 
using the new mass value of 65As [1] suggest that 64Ge is no 
longer a good rp-process waiting point. This means that the 
better-defined nuclear physics parts of the process have now 
changed the traditional view of nucleosynthesis, leaving 
more possibilities to the later stages of element production 
in the X-ray burst environment. This would open up new 
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